A RESEARCH VISION aBstract rEsumEn The normal and abnormal behavior of an adult heart dynamics and its state of evolution towards one of these two states has been characterized successfully in the context of the theory of dynamic systems and probability. The diagnostic methodology of clinical application designed under these two theories has managed to evaluate in an objective and reproducible way the cardiac dynamics from the values of the frequency of the Holter registers. The automation of this methodology through the design of a software that can be docked in any operating system for PC, and contributes as a diagnostic aid tool to generate more timely responses to the patient's clinical condition. Additionally, the values of the probability of these spaces occupied by the attractor, calculated by the Software, allow using an interface that can be consulted by the specialist to evaluate how far a cardiac dynamic is from normality, analyzing in this way the effectiveness of the treatment.
The normal and abnormal behavior of an adult heart dynamics and its state of evolution towards one of these two states has been characterized successfully in the context of the theory of dynamic systems and probability. The diagnostic methodology of clinical application designed under these two theories has managed to evaluate in an objective and reproducible way the cardiac dynamics from the values of the frequency of the Holter registers. The automation of this methodology through the design of a software that can be docked in any operating system for PC, and contributes as a diagnostic aid tool to generate more timely responses to the patient's clinical condition. Additionally, the values of the probability of these spaces occupied by the attractor, calculated by the Software, allow using an interface that can be consulted by the specialist to evaluate how far a cardiac dynamic is from normality, analyzing in this way the effectiveness of the treatment.
A través de la teoría de la probabilidad y de los sistemas dinámicos se ha construido una metodología para evaluar la dinámica cardíaca -recientemente automatizada-mediante un software que puede ser acoplado a cualquier sistema operativo para PC. El software permite mediante una interfaz consultar la dinámica cardíaca por un especialista
Introduction
The first nonlinear dynamical systems where developed by Poincaré [1] . The geometrical representation a dynamic system is called attractor. This means that each system can be represented by an attractor through which is possible to characterize The evolution of the system across time [2] . By now, periodic, cyclic and chaotic dynamical systems exist [2] . The degree of irregularity of an attractor generated from the variables of a chaotic dynamic system can be analyzed through fractal geometry [3] .
Although, in the field of cardiology some studies have analyzed the behavior of heart rate frequency in the context of nonlinear systems. Goldberger proposed these first studies; whose findings changed the classical conception of homeostasis observing that a normal cardiac dynamic is found between highly irregular and regular dynamics [4] . Even though these studies have changed the way to analyze cardiac pathologies, the application of this and other methodologies from this perspective are still on studies [5] .
Within the framework of the previous remarks new diagnostic methodologies have been proposed to be clinically applicable to study the adult and neonatal cardiac dynamic, in the context of dynamical systems fractal geometry and probability [6] [7] [8] [9] [10] [11] [12] [13] . Probability theory is a branch of mathematics that allows to evaluate the possibility of occurrence of an event whose probable results can be analyzed in a probability space [14, 15] . The theories of probability and dynamical systems along fractal geometry, which are the base of these new methodologies have achieved to establish mathematical parameters that evaluate how far a normal cardiac dynamic is from abnormality, as well as the evolution towards one of these states, taking for that the values of heart rate frequency obtained from the report of Holter registries and/or continuous electrocardiographic records [6] [7] [8] [9] [10] [11] [12] [13] .
The effectivity of these methodologies is due to their physical and mathematical principles that characterize the different behaviors of cardiac dynamic independent of the rigorous clinical studies in the context of heart rate variability (HRV) [16] [17] [18] .
In the present study the scopes that the design of a software based on a methodology designed under the perspective of dynamical systems theory and probability are shown, confirming the reproducibility and clinical applicability of the software through a blind study; subsequently the results of the test performed by the software of 120 Holter or continuous electrocardiographic registries are exhibited, which were evaluated with the physical and mathematical parameters according to the previous established diagnosis [6] ; then the discussion in light of the results of the scopes that the present methodology evaluates is established, in the aim of reducing the subjectivity of the clinical evaluation of the patient, established from the studies of the Holter or continuous electrocardiographic records. Finally, the conclusions of this study are established.
Methodology

Definitions
Phases space: geometrical space of 2 or more dimensions that through the localization of ordered pairs of a variable along time, can graphically represent the behavior of the system to the drawing of attractors.
Box-counting method: evaluates the degree of irregularity of the chaotic cardiac attractor with the following equation: del área clínica y así evaluar qué tan alejada se encuentra una dinámica cardiaca de la normalidad. En este estudio se hizo uso de dicho software para desarrollar un estudio de concordancia diagnóstica para confirmar su capacidad como herramienta de evaluación a nivel clínico. Para ello se parte de la medición de: 120 registros Holter, 100 patológicos y 20 normales, durante 21 horas; con los cuales se toman los valores de la frecuencia cardíaca y numero de latidos; en base a esta información el software elabora secuencias pareadas y construye atractores con los cuales cuantifica la dimensión fractal, los espacios de ocupación en el espacio fractal de Box Counting, y los valores de la probabilidad de los espacios ocupados por el atractor. De lo anterior se encontró que este proceso permite diferenciar la normalidad de la patología aguda y su evolución, obteniendo valores de sensibilidad y especificidad del 100%. Dado este contexto, es de destacar que el proceso permite analizar de una manera objetiva y reproducible la efectividad de los tratamientos médicos.
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Which can be simplified in the following way
Where D: means fractal dimension, N the number of squares occupied by the object J: partition degree of the grid.
Probability of occupation of the atractor P OA : ratio between the number of squares occupied by the cardiac attractor and the totality of squares in the generalized space of box counting. 
Population
120 Holter or electrocardiographic records were taken in the outpatient and ICU context and belong to the database of Insight group. Samples were reported 20 as normal Holters and 100 pathological in patients older than 21 years in a period of 21 hours.
Procedure
A blind study was developed, masking the clinical evaluation, this server president to work only with the values of minimal and maximal heart rate frequency as well as the number of beats by hour of the Holter records. With this information, a series of data of heart rates within the limits defined by the associated information to each Holter and an attractor was generated in the phases space.
For each attractor generated by the software the fractal dimension (1) was calculated through the superposition of the grids called Kp (5 beats per minute) and Kg (10 beats per minute), the number of occupied squares was quantified for each attractor with the simplified method of Box-Counting (2) . Later the probability of the occupied spaces by the attractors was calculated with Kp grid (3) and with this result the software stablished a physical mathematical diagnosis based on numeric limits defined previously for each state [16] .
Statistical analysis
The clinical conventional evaluation was masked for each Holter registry considering this evaluation as gold standard. The reproducibility and clinical applicability of the physical mathematical diagnostic methodology was confirmed with respect to the convention of clinical evaluation through estimations of sensibility and specificity.
The estimations are result of a binary classification where the following concepts are considered with respect to the values to the number of Holters or electrocardiographic records: a) true positives (TP) Are the number of hotel registries evaluated within the ranges of abnormality and contemplated in the mathematical values of the same evaluation; b) false positives (FP) are the Holter registries that mathematically behave within abnormality and its clinical evaluation belongs to normality; c) False negative (FN) are the clinical evaluations considered as abnormal but its mathematical correspondence points towards normality and d) true negatives (TN) are the normal Holter registries that both methodologies defined as normal. Con el propósito de evaluar la concordancia entre los valores físico matemático y la evaluación clínica convencional, se calculó el coeficiente Kappa.
Ethical aspects
The findings in the present investigation were obtained from noninvasive diagnostic tests prescribed with anticipation according to standard medical procedures and therefore it is considered a minimal risk in correspondence with the Resolution 8430 of 1993 from the Ministry of Health of Colombia. Likewise, the ethical principles from the Helsinki Declaration from the Word Medical Association preserving the anonymity and integrity of the participants. Table 1 shows, the information of 20 representative Holters or continuous electrocardiographic records from the totality of the selected registries for the study.
Results
The fractal dimensions of the two normal Holter registries between 1.700 and 1.970 occupying 59 and 131 squares in the Kg grids (10 beats/minute) and between 201 and 476 in the Kp grid (5 beats/ minute) (see Table 2 ). The registries with different pathologies presented a fractal dimension that varied between 1.464 and 1.980 occupying 9 and 59 squares with the Kg grid as well as 25 and 195 with Kp grid (see Table 2 ). softWarE for adult cardiac dynamic through dynamic systEms Visión Electrónica Vol. 13 Source: own. 
Discussion
This is the first work of investigation that achieves to confirm the reproducibility and clinical applicability of a methodology designed in the context of dynamic systems theory, fractal geometry and probability to evaluate neonatal cardiac dynamic. This confirmation was possible through the calculation of the values of sensitivity and specificity of 100% from the results generated by the software, confirming that the program is ready to be taken to any clinic in the future and that it can be used as a diagnostic tool.
In this case, previous studies developed in the same line of investigation have revealed that the occupied spaces by the normal attractor are bigger compared with the pathological attractors, the occupation values of the Kp and Kg grids differentiate in this context normality from acute disease [6, 7] . Although both grids give values that allow to make comparisons the Kp grid was chosen as the one that can make more precise differences between attractors. From this point of view, a predictive measure that establishes that bigger values are diagnosed as normal while the smaller ones as abnormal from the physical mathematical diagnosis. The effects of these results are the evolution of the disease is associated with a progressive diminution of the spatial occupation of the attractor, achieving an objective measure of bigger severity These results, compared with the conventional clinical analysis that arises from HRV, are differentiated in the way that the mathematical values that characterize the level of severity of the cardiac dynamic along the time, independent of clinical classifications, that usually involucrate another set of tests to confirm the performed evaluations within the clinical parameters bases on the clinical evidence [19] [20] [21] [22] [23] [24] .
In the light of these results, several advances in other fields as epidemiology in relation with the annual number of infected by malaria and dengue in Colombia, achieving the first predictions in this area [25] ; likewise, some methodologies capable of predicting the number of CD4+ in patients with HIV/ AIDS [26] and immunology [27] have been developed. Morphometrical characterizations of uterine cells as well as erythrocytes and arteries have been developed [28] [29] [30] . These methodologies, in a similar way to the present investigation, proportionate solutions for these fields in medicine, that take these disciplines to the predictive field of physics.
Conclusions
The present study produced a software based on dynamical systems and probability theories that allowed to differentiate normal from abnormal cardiac dynamics, thus being an option to be clinically applicable and detect alterations in adult patients.
